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Evaluations in Presence of Sea Water and Clad
7075-T6 Aluminum Alloy

Abstract:

Bi-metallic cells consisting of FS-IH magnesium alloy, commercially pure
zinc or XA605 aluminum alloy and clad 7075-T6 aluminum alloy were prepared
with anode-cathode area ratios of 1:1 and 1:2 and immersed in sea water
for measurements of current density versus time and observations of corro-
sion damage. The FS-1H magnesium alloy anodes corroded severely themselves
and did not prevent pitting of clad 7075-T6 aluminum alloy. The commercial-
ly pure zinc and XA605 aluminum alloy anodes corroded slightly and prevented
corrosion of the clad 7075-T6 aluminum alloy. Current densities over a
24 hour period are reported.

Reference: Hooper, A. F., Whidden, R. H., Sutherland, W. M.,
"Sacrificial Anodes," General Dynamics/Convair

Report MP 56-34, San Diego, California, 2 May 1957.
(Reference attached).

FORM 1812D (REV. 12/1)-



STRUCTURES-MATERIALS LAhOi-AT URIES

CO0NV A IR REPORT 56-34
ADIVISION OF GENERAL DYNAMICS CORPORATION DATE 5-2-57

SAN DIEGO MODEL E LS _6-184

TITLE

REPORT NO. 56-34

SACRIFICIAL ANODES

MRS 56-183.

PREPARED BY 6 -. /, GROUP MATERIALS & PROCESSES:a.
A. F. Hooper

"•-----•'•���_ REFERENCE

CHECKED BY R, H. ". then

CHECKED BY kv APPROVE BY-

ll.g Mb'1uth-erland,EF.3rn
Group Engineer Chief, Structtiresl

NO. OF PAGES 12 4aterials Laborat~'ies

NO. OF DIAGRAMS- 9

REVISIONS

NO. DATE BY CHANGE PAGES AFFECTL4

FORM 18 12A-4 rn



Ai -LrSIS C 0 N V A I R PAGE 1

P.',RED BY A. F. Hooper A DIVISION OrGENERAL DYNAMICS CORPORATION REPORT NO. 56-34
C.ZCKED BY R. H. Whidden/W.M.Sutherland IIAN DIEGO MODEL MRS 56-183
REVISED BY DATE 5-2-57

REPORT NO. 56-31t
SACRIFICIAL ANODES

OBJECT:

To evaluate the use of sacrificial anodes for cathodic protection

of aluminum alloys in sea water.

CONCLUSION:

FS-lH magnesium alloy was unsuccessful as a sacrificial anode,
while commercially pure zinc and XA605 aluminum alloy were successful in
cathodically protecting clad 7075-T6 aluminum alloy in a sea water electrolyte.

TE~ST MATERIALS:

Several bi-metallic cells were tested using FS-1H magnesium alloy,
commercially pure zinc and XA605 aluminum alloy as sacrificial anodes in combi-

nation with a clad 7075-T6 aluminum alloy cathode. The tests were conducted
in a sea water electrolyte. The metal electrodes were 3 x 7 inches in area,

varying in thickness from .040 to .064 inches. Each electrode was cleaned
with methyl ethyl ketone and then masked with CVAC # Cem 17 leaving the desired
test area unmasked. Two tests were conducted on each bimetallic cell by varying
the anode-cathode ratios. The anode-cathode ratios tested were 1:1 and 1:2.

The sea water electrolyte was procured below the surface of the

water approximately 4 to 5 miles south of the entrance to San Diego Harbor.
TBh 5-gallon glass containers for the sea water had previously been used for
tha storage of sea water. Each container was rinsed several times with sea

water prior to collecting the test electrolyte.

TEST EQUIPMENT:

The test equipment was set-up as shown in Figuresl & 2. The

equipment used in this test is listed below:

1. Precision Scientific Co., thermostatic bath unit, Cat. No.
62696.

2. Leeds ard Northrup pH-millivolt meter, ranges of 0-700,

0-1400 and 0-2800 millivolts, Model No. L & N #7664-AI modified.

3. Two N/10 silver-silver chloride reference electrodes with

salt bridges (Method of preparation may be found in Report No, 9195-1).

4. Microampere recorder - Modified Speedomax, Type 2 Recorder,
Model S 60,000 series, ranges 0-100, 0-500 and 0-1000 microamperes.

5. Miscellaneous switches and leads.
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TEST PROCEDURE:

The sea water electrolyte was placed in a two-quart battery jar
and iri:ersed in a thermostatic bath operated at 77 1 0.5°F. The two m.tal
electrodes of the bi-metallic cell to be tested were mounted in a bracket at
distance of 3 inches apart with the anode-cathode areas facing each other.
The tips of the salt bridges from the reference electrodes were pl.iced at a
distance of 1/2 an inch from each metal electrode surface.

The circuit diagram, Figure 1, shows the component parts of the
measuring circ•it. The anode, cathode, IR drop and total cell potentials
were recorded at several intervals during the test.

The current flow of the galvanic cell was recorded on the speedomax
microampere recorder from the instant the circuit was closed for a period of
24 hours.

The pH of the sea water electrolyte was recorded before and after
each test to determine the change in the pH during the electrochemical reaction.

The two silver-silver chloride reference el ctrodes were standardized
using a saturated calomel reference electrode.

FZ1SULTS:

The condition of each metal electrode and the pH readings for
each cell tested are shown in Table I. The anode potentials, cathode
potentials and current density vs. time curves of the bi-metallic cells tested
are shown in Figures 3 - 8.

DISWCUSION OF RESULTS:

The pH of the electrolyte showed no significant change during the
electrochemical reaction of the various galvanic cells tested.

In Table I a brief statement was made on the condition of each
electrode. The clad 7075-T6 aluminum alloy cathode of the galvanic couple, of ýS-

lH magnesium alloy - Clad 7075-T6, became pitted during the electrochemical
reaction in sea water. The corrosive attack of the clad 7075-T6 eathode was
attributed to the electrochemical reaction products of the corroding sacrificial
anode of FS-lH magnesium alloy. These corrosion products reacted chemically or
electrochemically with the clad 7075-T6 aluminum alloy cathode causing the
pitting action.

There was no visible evidence of corrosion on the clad 7075-T6
aluminum alloy cathode, when coupled to a sacrificial anode of XA605 aluminum
alloy or commercially pure zinc.
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DISCUSSION OF RESULTSs (Cont'd.)

The current density of the galvanic couple of FS-1H - clad 7075-T6
was higher than the galvanic couples of XA605 - clad 7075-T6 and commercially
pure zinc - clad 7075-T6. (See Figures 3 - 8). The high current density of
the FS-IH - clad 7075-T6 couple ig the resultant of a greater difference in
solution potential botween the component electrodes. The current density of
this couple with anode-cathode ratio of 11 was higher than the same couple
with a ratio 1:2. The current density was calculated using a constant cathode
area, therefore giving lower values for a smaller cell with the lesser current
flow.

The galvanic couple of FS-1H - clad 7075-T6 shows the effect of an
active polarization reaction causing a decrease in current flow. This polar-
ization reaction has been caused by a build-up of insoluble corrosion products
on the anode and the formation of hydrogen gas at the cathode. Polarization
of this type could stifle the flow of current necessary for cathodic protection.

The galvanic couples of XA605 - clad 7075-T6 and comnvercially pure
zinc - clad 7075-T6 have a less active polarization reaction with an incre.asing
current flow. The corrosion products of these two sacrificial anodes are more
aoluble and migrate away from the anode surface during the electrochemical
reaction. In order for a sacrificial cathodic protection system to function
successfully the sacrificial material must not become polarized by the formation
of a dense film on its surface.

The current density of the galvanic couple of XA605 - clad 7075-T6
decreased when the anode-cathode ratio was varied from 1:1 to 1:2, showing
limitation for ZA605 as a sacrificial material in this couple. The ratio of
the commercially pure zinc - clad 7075-T6 couple was varied in the same manner,
but showed no appreciable change in current density. Therefore, commercially
pure zinc is believed to be a better sacrificial material for cathodically
protecting an aluminum alloy.

One test was conducted at Scripps Institute of Oceanography using
a sacrificial anode of commercially pure zinc coupled with a bre 7075-T6
aluminum alloy panel. The commercially pure zinc sacrificial anode was
successful in cathodically protecting a bare 7075-T6 panel during 10 days
immersion in sea water. The ratio of the commercially pure zinc to the b re
7075-T6 aluminum alloy was 1 to 50. No corrosion was visible on the imfersed
area of the bare 7075-T6 panel, including the critical area along the waterline.
The immersed area of the bare 7075-T6 control was severely corroded after 10
days immersion in sea water.

This program should be continued to develop a workable cathodic
protection system for water based aircraft.

80.I The test data from which this report was prepared are recorded in
Engineering Test Laboratories Data Book #971.
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FIGURE 2 TEST SET-UP FOR SACRIFICIAL ANODE TESTS
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